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All cultivation was done in Sistrom's minimal medium containing (g L -1 ): K2HPO4 3.48, NH4Cl 0.195, succinic acid 4.00, L-glutamic acid 0.10, L-aspartic acid 0.04, NaCl 0.50, nitrilotriacetic acid 0.20, MgSO4 * 7H2O 0.30, CaCl2 *7H2O 0.015 and FeSO2*7H2O 0.007. In addition, trace elements and vitamins were added (final concentration, g L -1 ) EDTA (triplex 3) 0.001765, ZnSO4 * 7H2O 0.01095 g, FeSO4 * 7H2O 0.005, MnSO4 * H2O 0.00154, CuSO4*5H2O 0.000392, CoCl2 * 2H2O 0.00014, H3BO3 0.000114, nicotinic acid 0.0010, thiamine HCl 0.0005, biotin 0.000010. Nitrite (normally 2 mM) was added, either before or after inoculation. Despite the absence of added nitrate, the medium contained traces of nitrate (5-10 µM), and for experiment where the absence of nitrogen oxyanions (NO3 -, NO2 -) was essential, these traces were removed by anoxic incubation with 10 7 cells of P. denitrificans over night, followed by filter-sterilization and autoclaving (Bergaust et al. 2012 ).
Gas kinetics, measurements and calculations
All growth experiments for determination of the kinetics of respiratory metabolism were performed in 120 mL serum vials sealed with butyl rubber septa and aluminum crimp caps, containing 50 mL medium and a polytetrafluoroethylene (PTFE) coated magnet. The headspace air was replaced with He or He + O2 (different proportions), and the vials were placed in the thermostated water-bath of the incubation robot which monitors the headspace concentrations of O2, CO2, NO, N2O and N2. The measured gas concentrations were used to calculate net rates of O2 consumption and reduction of NO2 -, NO and N2O for each time interval, taking the dilution by sampling and the marginal leakage of N2 and O2 into account, as explained in detail by Molstad et al. (2007) .
Modelling recruitment to denitrification
The model is explained in detail by Hassan et al. (2016) . In short, it assumes a constant but low probability (r, h -1 ) for the initiation of nirS-transcription, when [O2] ≤ 10 µM. It further assumes that once nirS transcription is initiated, it becomes autocatalytic resulting in a fast increase in the pools of active NIR and NOR.
In the present work, we used the model to estimate the probability for NIR synthesis (r, h -1 ) by fitting the model to measured gas kinetics, using the same model as Hassan et al. (2016) , but reprogrammed in R. The experiments were done at 17, 20, 25 and 30 o C (Fig.  S4 ). Low initial oxygen concentrations (~40 µmol vial -1 ) in experiments at temperatures ≥20 o C were chosen to secure adequate resolution of the kinetics (using higher initial oxygen concentrations would result in very fast reduction of nitrite). The model was fitted to measured O2 and N2 only (fitting the model to measured NO is essentially inconsequential for the estimated recruitment rate), and for each vial individually. The estimated r for each vial was treated (statistically) as independent observation of r.
We used the Metropolis Markov chain Monte Carlo algorithm in R (Geyer and Johnson 2017) to carry out two consecutive estimations based on measured O2 and N2 for individual vials. Initial headspace O2 and initial cell number were first estimated based on the O2 data. The output values from this estimation were used to estimate the initial background N2 present before estimation denitrification and the recruitment rate (the probability for cells to synthesize NIR). These were based on N2 measurements starting from two sampling points before O2 had declined to below 0.5% partial pressure, and before full recovery of NO2 − as N2.
1.2 Strain construction
The mCherry-NirS strain
Unmarked insertion mutants were generated in P. denitrificans PD1222 using the mobilizable multi-purpose cloning vector pK18mobsacB (Schäfer et al. 1994) . A fragment of 999 bps flanking the 5' end of nirS was amplified by PCR, using primers NirS_F and NirS_R (see table below), and cloned into pJET1.2 (Thermo Scientific). Then, a SacI restriction site was introduced downstream of the nirS Sec signal peptide by inverse PCR using primers SacI_F and SacI_R. This SacI site was subsequently used to clone a fragment of 708 bps containing the mCherry gene and primers NirS_F and NirS_R were used to check for the orientation of the fragment. Then the whole construct of 1707 bps was digested with XmaI and PstI and subcloned into pK18mobsacB. This pK18mobsacB derivative plasmid was then conjugated into P. denitrificans wild type. Single cross over recombination events were initially selected by plating the cells from the conjugation into LB with spectinomycin and kanamycin and identified by colony PCR. The insertional mutation was finally resolved by growing the bacteria in a modified LB media (10 g L −1
tryptone, 5 g L −1 yeast extract, 4 g L −1 NaCl and 6% (w/v) sucrose) which forced the bacteria to undergo a second recombination event where the plasmid was excised from the chromosome. Double recombinants were screened by colony PCR and the PCR products were sequenced for confirmation. Fig. S1 : The scheme demonstrating generation of the mCherry-NirS mutant in Pd1222.
Strain with periplasmic mCherry
As a negative control to test the localization of naked mCherry protein in the periplasm, a genetic construct was generated for the expression of a soluble periplasmic mCherry protein exported through the Sec system. For this purpose, a fragment of 907 bps was amplified by PCR from P. denitrificans mCherry-NirS genomic DNA using primers mCsol_F and mCsol_R. The PCR product was then cloned into pMJSL05 which is a derivative of the taurine inducible plasmid pLMB509 for α-proteobacteria (Tett et al. 2012 ).
Immunofluorescence staining of NOS
Wild type and the mCherry-NirS mutant of the same strain of P. denitrificans PD1222 were grown under denitrifying conditions in minimal Sistrom's medium as described above. Cells were harvested at specified time points and fixed in 3.8% formalin at room temperature for 30 min. Aerobically grown inoculum was used as a negative control (with no expression of NOS). Preserved cells were stored at 4 o C until analyzed. All the incubations were performed at room temperature avoiding light exposure. The samples were incubated for 1 hour and for 30 min. with antibodies and Pacific Blue conjugate, respectively. Each step of immunocytochemical staining was followed by fivefold washing with phosphate-buffered saline containing 0.05% Tween20 (PBS-T). Blocking buffer contained PBS-T and 1% BSA (Fluka). Samples were analyzed immediately after staining. Affinity purified primary polyclonal chicken anti-NosZ IgY antibodies (Norwegian Antibodies) were biotinylated (Thermo Fischer) and used for detection of N 2 O reductase (NosZ) in formaline fixed and permeabilized cells of PD1222 with mCherry-NirS and PD1222-WT. Secondary labeling with streptavidin Pacific Blue conjugate (Thermo Fischer) was used for visualization and localization of the NosZ-IgYab by fluorescence microscopy, as described in section 1.5. The exposure time was 1000 ms for both mCherry and Pacific Blue. 
FITC cell Tracking (FITCT)
The procedure for staining cells with FITC for tracking growth (dilution of the FITC signal) is:
Staining solution:
-Dissolve FITC (Fluorescein isothiocyanate, Sigma Aldrich) in dimethyl sulfoxide (Sigma Aldrich), 1 mg mL -1 -Dilute 1:4 in Sistrom's medium (i.e. the medium used for cultivating the bacteria) -Filter the solution (0.2 µm). Prepare staining solution immediately before staining.
Staining: -Concentrate cells by centrifugation to reach a cell density of 1-5E9 mL -1 . Use low temperature (5 0 C) to avoid anoxia in the pellet. To effectively disperse the cells, pump 5 times through a syringe with narrow needle.
-Mix cell suspensions with staining solution (proportions: 0.375 mL staining solution 1.5 mL cell suspension), by pumping in and out of a syringe 5 times, and then stir continuously (15 mL Falcon tubes placed in a rotator) for 10 min. -Wash cells by 3 min centrifugation in Eppendorf tubes, resuspend in fresh medium, and repeat. -Final suspension must be stirred continuously until used to inoculate. Minimize the time before use.
Tracking: -Cells that grow will dilute the FITC signal accordingly, while cells that do not grow will remain strongly fluorescent (cells should be protected from light during growth, to avoid bleaching). By quantifying the FITC fluorescence from individual cells (either by confocal microscopy or flow cytometry), the number of generations can be assessed.
Recommendations:
-If used for other organisms than Paracoccus denitrificans, the method must be checked for a) the effect of FITC staining on the metabolism, b) The persistence of FITC fluorescence in non-growing cells, c) the even distribution of FITC between daughter cells during growth.
Fluorescence microscopy and time lapse imaging
Fluorescence microscopy was performed on a Zeiss AxioObserver with ZEN Blue software. Images were acquired with an ORCA-Flash4.0 V2 Digital CMOS camera (Hamamatsu Photonics) through a 100x phase-contrast objective. A HXP 120 Illuminator (Zeiss) was used as a fluorescence light source. The exposure times were 1000 ms for mCherry and 750 ms for FITC.
Image analysis was performed using the ImageJ plugin MicrobeJ (Ducret et al. 2016) . Cell outlines were determined using the phase contrast images. The FITC and mCherry signal intensities were extracted from the corresponding fluorescent images. The data was exported and further plotting and data analysis was performed in Excel and RStudio. Images were prepared for publication using ImageJ (http://rsb.info.nih.gov/ij/).
Time-lapse fluorescence imaging of cells on agar pads Cells of the mCherry-NirS mutant were grown under denitrifying conditions (as described above) for several batch generations assuring the expression of NirS in 100% of the cells. This was accomplished by sequential sub culturing from one to another anoxic vial containing 2 mM nitrite.
Agarose pads for the time-lapse experiment were prepared freshly, as described by Skinner et al. (2015) , with some modifications. The gene frames (ABgene; 1.7 x 2.8 cm) were used to generate agarose pads. Approximately 1/3 volume of the frame was filled with agarose in order to provide a sufficient O2 reservoir for maintaining aerobic conditions during the incubation. Further, the pads were sliced with a sterile scalpel to improve the aeration of the agarose. One µL of denitrifying culture was inoculated onto the agarose pad just before the start of the experiment. The frame was sealed with a cover slip and the slide was incubated in a temperature controlled chamber during the experiment. Images (phase contrast and mCherry fluorescence) were acquired with regular time intervals (1 min or 15 min) through a 100x phase-contrast objective.
Time-lapse experiments were analysed using the Matlab-based package SuperSegger (Stylianidou et al. 2016 ) and the ImageJ plugin MicrobeJ (Ducret et al. 2016) . Segmentation of cells at the different time points in the growing microcolonies was performed using SuperSegger with standard settings and cell lineage trees were extracted. The segmentation patterns were then used to guide manual segmentation of microcolonies using MicrobeJ. Intensity values of single cells were then extracted from the corresponding fluorescent images. The data was exported and further plotting and data analysis was performed in Excel and RStudio. Images were prepared for publication using SuperSegger and ImageJ (http://rsb.info.nih.gov/ij/).
The fate of denitrification enzymes during aerobic growth, entrapment assay
As a first approach (before constructing the mCherry-nirS mutant), we conducted a kinetic experiment to explore the fate of the denitrification enzymes during aerobic growth. Cells with denitrification enzymes (raised by anaerobic growth) were transferred to fully aerated medium and allowed to grow aerobically through several generations, and tested for their ability to switch to denitrification when exposed to "sudden anoxia" (entrapment assay), as outlined in Fig. S3 .
Fig. S3:
Outline of the experiment to explore the fate of denitrification enzymes during aerobic growth. (I) P. denitrificans was raised by anaerobic growth on nitrate, ensuring that all cells expressed a full set of N-oxide reductases. Different volumes of this pre-culture were transferred to fully oxic medium without nitrogen oxyanions (II). Once the aerobic cultures reached cell densities equal to the anoxic pre-culture (after 1…12 generations), cells were transferred to anoxic media without nitrogen oxyanions, to which nitrite was added after depletion of the traces of oxygen present (III, entrapment assay). This was to ensure entrapment in anoxia of any cell without intact nitrite reductase. The kinetics of their reduction of nitrite was used to estimate the fraction of cells with intact nitrite reductase.
In detail: I. Preparation of denitrifying culture: 500 µL of glycerol stock was inoculated into a serum vial containing basal Sistrom's medium, and the culture was incubated aerobically at 25°C until OD660 reached ~0.150. This aerobic pre-culture was used to inoculate four anoxic vials with 50 mL Sistroms with 4 mM KNO3. These cultures were incubated at 20°C, and the accumulation of N-oxides was monitored by headspace sampling every 2 hours. When all the available nitrate had been recovered as N2, the cultures were pooled (~3.4 x 10 8 cells mL -1 ; OD660 = 0.277) and then transferred to fresh medium, either in new anoxic vials (step III), or fully aerated vials (step II).
II.
Aerobic growth: A series of oxic vials with 25 (n=2), 40 (n=2), 48 (n=2) and 50 (n=4) mL basal Sistroms medium (without nitrogen oxyanions) were inoculated with 25, 10, 2 and 0.2 or 0.02 mL denitrifying culture, respectively (from step I), to a final volume of 50 mL in all. All cultures were allowed to grow aerobically at 20°C until reaching cell densities similar to that in the denitrifying pre-culture. After a variable number of generations, when OD660 slightly exceeded that in the anoxic inoculum, duplicate vials were pooled and cell density adjusted to ~3.4 x 10 8 cells mL -1 . These cultures were then transferred to experimental vials for a denitrification activity assay (step III). III.
Entrapment assay: 25 mL of pooled aerobic cultures from step II were transferred to 25 mL anoxic medium without nitrogen oxyanions (n=3) and He-rinsed as previously described (Molstad et al. 2007) . When the cells had consumed the initial traces of O2 (118 ± 93 ppmv), He-sparged KNO2 (0.1M) was injected through the septum to an initial concentration of 2 mM. Subsequent nitrite reduction to N2 was monitored through frequent headspace sampling (every ~13 minutes) until NOx depletion.
Importantly, this scheme ensured that the initial cell density in the entrapment assay (step III) was approximately the same for all vials, regardless of aerobic legacy. By ensuring that residual O2 (initial headspace [O2] = 118 ± 93 ppmv) was effectively depleted in the absence of any nitrogen oxyanions (nitrite was added after depletion of the residual oxygen), we forced the cells to rely on existing N-oxide reductases to initiate denitrification (and growth) once spiked with nitrite.
We expected a gradual reduction of the NIR content of all cells, faster if degraded actively than if diluted by growth only; which would imply that the denitrification kinetics in the entrapment assay would be more or less unaffected by the number of generations of aerobic growth until the NIR concentration became critically low. This expectation was based on the assumption that any cell with a minimum of NIR would be able to initiate denitrification during the entrapment assay, synthesize more NIR within minutes, and initiate normal anaerobic growth. The result, however, strongly suggested that the number of cells able to switch to denitrification was practically constant during aerobic growth. Time (h) → Gas in vial; µmol O2 and N2-N, nmol NO → ). The estimated r for individual vials at each temperature are used to make the temperature response panel in Fig. 2 . The model output was also used to assess differences in phenotype during growth at 17°C (t-test; n=6). The maximum rate of electron flow to O2 did not differ between strains (p=0.95). Estimated recruitment rates to be 7.2 x 10 −3 h -1 (± 1.5 x 10 −3 h -1 , 95% CI) for PD1222 and 1.2 x 10 −2 h -1 (± 2.9 x 10 −3 h -1
, 95% CI) for mC-NirS (p < 0.05).
Synthesis of NirS and tracking of growth by FITC (supplementary to Figs. 3 and 4)
Two experiments were performed to investigate the kinetics of NirS expression as observed (microscopy) versus that predicted by the model. In the first experiment, 10 vials containing 50 mL Sistroms with 2 mM NO2 -and 10% acetylene in the headspace (nearanoxic) were inoculated with 2.3E9 FITC-stained cells. Incubation temperature was 17 0 C. Headspace gas concentrations were monitored, and liquid samples (5 mL) were taken for microscopy at intervals (2 vials sampled each time). The vials were protected from light, to eliminate bleaching. The result is summarized in Fig. S6 . Fig 4. In both, the average and standard deviations are indicated by a red cross for cells with mCherry>500 and a green cross for cells with mCherry<500. The near absence of cells with mCherry intensity within the range 150-1000 (except for the first sample, when full expression is not reached yet), implies that the estimated frequency of NirS positive cells (Figure 3 and 4) would not be much affected by the criterion for a NirS positive cell as long as the limit is kept within the range 150-1000.
The second experiment was designed similarly to the entrapment assay (see 1.6): Vials with Sistrom's without nitrogen oxyanions were inoculated with 2.28E9 FITC-stained cells per vial; temp=17 o C. Nitrite was added (to reach 2 mM) 2 hours later. The production of N2 was extremely slow (below detection limit) during the first 50 h, and then increased exponentially with an apparent growth rate of 0.05 h -1 (Figs. S7 AB), which is close to the anaerobic growth rate of the organisms at 17 o C in other experiments (Table S2) . Extrapolation of the rate of N2 production back to time zero suggests that the number of cells able to switch to denitrification was only 0.8E5 cells = 0.036 % of the inoculum. The estimated cell numbers (Fig S7D) with NirS (NirS+) and without NirS (NirS-) were calculated by measured N2-production, growth yield (= 1.7E13 cells per mol electrons (Bergaust et al. 2010) , and partitioning of N2O according to the size of the two populations. 
Development and testing of FITCT on phenotype and cell tracking
Several published methods for tracking growing/non-growing cells were tested, without much success:
-The BONCAT procedure for positively staining growing cells (Hatzenpichler et al. 2014) did not work for our purpose with P. denitrificans because the staining was ineffective, requiring the use of very high (1 mM) concentrations of AHA (azidohomoalanine, an L-methionine surrogate), which caused apparent inhibition of our strain. -The Nalidixic acid inhibition (metabolically active cells swell due to prevention of cell division), used in microbial ecology to count metabolically active cells (Joux and LeBaron 1997 (Lundgren 1981) . It would be excellent for our purpose (using the reduction of the fluorescence as a measure for growth). Unfortunately, P. denitrificans was one of those that do not take up FDA, as was the case for 20% of soil organisms tested by Lundgren (1981) .
We then developed our own method, based on fluorescein isothiocyanate (FITC). FITC is a fluorescent dye (fluoresceine) with a thiocyanate group that binds covalently to proteins by reactions with amine and sulfhydryl groups. In theory, FITC staining could interfere with the metabolism of the cells since the covalent bonding to FITC modifies proteins (Weingart et al. 1999, Pucket and Barton 2009) . We therefore minimized the exposure to FITC, and tested the effect of the staining on the physiology of the strain.
Development of the protocol:
In the first experiments, we used a range of FITC concentrations (5,15, 30 µg FITC mL -1 ) staining for 1 h, and one with 230 µg FITC mL -1 which was stained for 30 seconds only (effective staining time = 3.5 min since centrifugation took 3 min). All treatments resulted in strongly fluorescing cells, somewhat stronger for the short staining at 230 µg FITC mL -1 . Neither of the staining methods affected growth, tested by monitoring OD during a 16 h aerobic incubation; the growth rates were all within ± 10% of that in an unstained control.
Based on this, we concluded that staining for 10 min with a FITC concentration of 50 µg FITC mL -1 during staining (i.e. the staining protocol as described above) would secure strong fluorescence and minimize the risk for inhibition of the metabolism.
Testing FITCT on the physiology of P. denitrificans We tested the effect of the staining on the respiratory metabolism in P. denitrificans, using Pd1222 wild type and the mCherry-NirS strain. The two strains were raised under strict oxic conditions, mid log phase cells were concentrated by centrifugation to 1.5E9 cells mL -1 for the wild type and 1.39 cells mL -1 for the mCherry-NirS strain.
These cell suspensions were stained according to the protocol: 6 mL cell suspension mixed with 1.5 mL FITC staining solution (final FITC concentration 50 µg mL -1 ), distributed in 4 1.5 mL Eppendorf tubes, staining for 10 min; then washed twice in Sistrom's m edium. The final pellets were dispersed in 0.75 mL Sistrom's medium, and used immediately to inoculate the test vials (10 10 cells per vial). Control cells (not stained) were treated exactly the same way (but without FITC).
The test vials were 120 mL serum vials with 50 mL Sistroms without nitrogen oxyanions, and 0.5 % O2 in the headspace. Nitrite was injected after the first gas sampling (0.1 mL 1 M KNO2, i. e. 100 µmol vial -1 ). The vials were incubated at 17 o C (precooled to this temperature prior to inoculation) and monitored for gas concentrations in the headspace by frequent sampling. The results (Table S2 ) indicate a marginal inhibition of the initial oxygen consumption, but no consistent effect on the subsequent denitrification phenotype (in response to oxygen depletion), apart from a slight reduction in the maximum concentration of NO.
The growth rate under full aeration was also tested by measuring OD in vigorously stirred suspensions of cells (stained and not stained) for a period of 16 h. The OD increased exponentially both for stained and unstained cells, and the estimated specific growth rate of the stained cells was not significantly different from unstained cells (growth rate of stained cells = 101 +/-3% of the unstained cells). Testing the dilution of FITC by growth To evaluate the FITCT as a method to determine growth, FITC stained cells of the mCherry-NirS strain were grown anaerobically, and monitored for gas kinetics, OD and fluorescence of individual cells. In short, mid log phase cells from an aerobic culture were concentrated by centrifugation, stained with FITC (according to protocol) and used as inoculum (1 mL, OD660=1.82, 2.28E9 cells) injected to anaerobic 120 mL serum vials containing 50 mL Sistrom's medium without nitrogen oxyanions (stripped for oxyanions, as described by Bergaust et al. 2012) , and with ~1% N2O in the headspace. The vials were placed in the incubation robot at 17 0 C, stirred continuously, and provided with more N2O by 3 repeated injections (100 µmol N2O-N each time) throughout the first 50 h. Then nitrite was injected (0.1 mL 1M NO2 -= 100 µmol per vial), and the incubation was continued until all the NO2 -had been reduced to N2 (Fig. S8 ). As controls, we included 3 vials without N2O in headspace (and no nitrite injections).
Liquid sample (5 mL) were taken after 13, 24, 36 and 48 h, for measurement of OD (1 mL) and for fluorescence microscopy (3.6 mL, fixed with formalin). To avoid gas pressure to drop by the liquid sampling, 5 mL pure helium was injected prior to each sampling. The dilution by sampling was taken into account when estimating cumulated N2-production, and the cell density was estimated from the calculated electron flow, assuming a growth yield of 1.9*10 13 cells per mol electrons (as determined for P. denitrificans by Bergaust et al. (2010) for anaerobic growth in the same medium as used here).
The results are summarized in Fig. S9 , demonstrating that FITC is diluted in proportion with growth, while it is retained in non-growing cells (the control without electron acceptor).
Fig. S8:
Gas kinetics in a single vial with anaerobically grown P. denitrificans mCherry-NirS strain, first provided with N2O in headspace, followed by 3 repeated injections of ~100 µmol N2O-N (indicated by black arrows), then 100 µmol NO2
-after 50 h (indicated by red arrow). The N2O and NO concentrations are as measured, while the N2 is the cumulated N2 production, taking leakage and dilution by sampling into account (see Molstad et al. 2007) . The observed migration of mCherry-NirS could be due to properties of mCherry (rather than NirS), or a more general migration of all proteins to the pole. This was tested by experiments with the construct expressing periplasmic mCherry. We also wanted to assess whether the migration is dependent on metabolic activity. This was tested by observing the localization of mCherry-NirS in anaerobically raised cells which were inactivated by injection of 1% NaN3 prior to sampling and exposure to O2. The results demonstrate that the observed migration of mCherry-NirS to the poles is due to properties of NirS (not mCherry), and requires some metabolic integrity of cells (Figs. S11 and S12).
Fig. S11:
The expression of mCherry equipped with a Sec export signal peptide on an expression plasmid, induced with 1 mM taurine. Cells grown anaerobically in Sistrom's medium at pH 7 with initial 2 mM nitrite. Just before NO2 -depletion, cells were transferred to fresh aerobic medium and grown for 1 generation aerobically, with vigorous stirring under ambient oxygen tension. There is circumstantial evidence for a link between NirS polarization and active respiration. In addition to sudden exposure to oxygen, the depletion of NOx under anoxic conditions dramatically increases the frequency of polarized NirS in the mCherry-NirS strain (Fig.  S13 ). This may indicate that even distribution of NirS in the periplasm is dependent on membrane potential. 
Localization of mCherry-NirS in cells.
To verify that mCherry-NirS is localized in the periplasm, we grew the mCherry-NirS strain under oxic and anoxic (with 2 mM NO3 -under anoxic conditions), and investigated the localization of the mCherry fluorescence in DAPI-stained cells, using confocal microscopy and Z-stacking. This confirmed that mCherry-NirS is localized in the periplasm (Fig. S15) . Fig. S15 . Localization of mCherry-NirS (mC) in the periplasm. Cells were grown at 30 o C, under fully oxic conditions (without nitrate) or under anoxic conditions (with 2 mM nitrate). The cells were DAPI-stained and visualized by confocal microscopy, using Z-stacking to visualize the localization of mCherry-NirS. Fig. S16 . Time lapse photo of anaerobically raised cells during aerobic growth on an agar slab; phase contrast (top row) and mCherry florescence (bottom row). A movie is also available (SV2).
Persister cells

The effect of NO spiking
In order to test whether a spike of NO would induce NirS synthesis in all cells, we conducted standard batch cultivations (as shown in Fig. 2) , with 7% O2 in the headspace (2 mM NO2 -), in which a dose of NO was injected to reach >200 nM in the liquid. This resulted in near 100% NirS positive cells (mCherry fluorescence) and much faster reduction of NO2 -reduction to N2 (Fig. S17) . Fig. S17 . The effect of NO-spiking on the kinetics of denitrification. Pd 1222 was inoculated to vials (1E8 cells per vial) with 7% O2 in headspace and 50 mL Sistrom's medium with 2 mM NO2 -and incubated at 17 0 C. Three replicate vials were given a dose of nitric oxide to (injected into the headspace; target ~110 ppmv = 250 nM NO in the liquid) as oxygen was nearly depleted. The gas kinetics are plotted (A and C) as µmol O2 and N2-N per vial, while NO is plotted as nM NO in the liquid. The electron flow (panels B and D), as calculated from the gas kinetics, is plotted as µmol e-vial -1 h -1 to O2 (VeO2) and to nitrogen oxides (VeNOx). Note that the axis is log scaled.
2.9 Persistence of mCherry-NirS during aerobic growth There is an increase in fluorescence signal during the first time-points (30 min). Thereafter, the signal remains stable, with a weak decreasing trend (3% and 4% h -1 in A and B, respectively; p < 0.01) which may be caused by photobleaching during the experiment.
Movie captions
Movie SV1_Caption: Rapid distribution of mCherry-NirS to the poles of the cells after transition from denitrifying to aerobic conditions. Filmed at 1 fpm (frame per minute), played at 5 fps (frame per second).
Movie SV2_Caption: Accompanying Figure S16 , growth inhibition in cells that retained mCherry-NirS at the poles and formation of microcolonies in those that redistributed mCherry-NirS arcos the periplasm. Filmed at 4 fph (frame per hour), played at 5 fps.
Movie SV3_Caption: Accompanying Figures 6A and S16 , redistribution of mCherry-NirS to the entire periplasm prior cell division and its dilution by even distribution among daughter cells. Filmed at 4 fph, played at 5 fps.
Movie SV4_Caption: Accompanying Figure 6B , formation of the persister cell within a microcolony. The cell stops growing after third cell division and retains mCherry-NirS at the poles, while growing cells continue diluting mCherry-NirS among daughter cells. Filmed at 4 fph, played at 5 fps. 
